ABSTRACT. We analyzed the genetic diversity of populations of two sympatric species of Lymania (Bromeliaceae), both endemic to the Atlantic rainforest of southern Bahia (Brazil). Lymania azurea has a restricted occurrence, while Lymania smithii has a wider distribution. Our aim was to provide genetic data to contribute to the design of more efficient conservation strategies for these bromeliads, possibly justifying inclusion in the official Brazilian list of Endangered Species. Up to now, L. azurea has been classified by the Brazilian Ministry of the Environment as "data deficient". We sampled four populations of L. azurea throughout its distribution area in southern Bahia and two populations of L. smithii in the same region. Genotyping was performed with 48 random amplified polymorphic DNA markers. Based on the Jaccard genetic similarity index, L. smithii has greater diversity than L. azurea. An analysis of molecular variation showed greater genetic variance within than between populations for both species. L. azurea was found to have 20% inbreeding, probably due to population fragmentation, with L. smithii showing only 10%. When we analyzed pairs of populations of L. azurea within a conservation unit, we found low population structure (Ф ST = 0.098), apparently due to a large degree of gene flow between them. In disturbed areas, we found a higher Ф ST (0.372). We found low genetic variability for L. azurea, probably as a consequence of habitat fragmentation, supporting the need for its inclusion in the Brazilian list of endangered flora.
INTRODUCTION
Forest fragmentation reduces and isolates populations, favoring inbreeding and genetic drift. The decline in genetic variation limits the evolutionary potential of any species, leading to a risk of extinction (Zucchi et al., 2003) . Thus, knowing the genetic diversity is one of the main strategies to support conservation programs, indicating areas and populations with a different level of importance for conservation (Cavallari et al., 2006) . Genetic studies are of particular importance within the Atlantic Forest, which today is reduced to less than 12% of its original cover (Ribeiro et al., 2009) .
The physiognomy of the vegetation of many moist Neotropical forests can be characterized by the presence of epiphytic bromeliad species living on the trunks and branches of trees. Due to their rosulated leaves, these plants keep water reservoirs, an important resource for various animals (Scarano et al., 1997; Benzing, 2000; Rocha et al., 2004) . Recent studies have suggested that the largest part of the Atlantic Rainforest species occur in a small geographic region (Costa et al., 2012) . For example, 47.5% of the bromeliads from the municipality of Una (Bahia, Brazil) are restricted to southern Bahia and northern Espírito Santo (Fontoura and Santos, 2010) encompassing an area of 6 to 7 square degrees. One species that has strong geographic restriction is Lymania azurea Leme (1987) , restricted to three municipalities in southern Bahia, and because of its restriction, Sousa and Wendt (2008) considered it an endangered species, according to World Conservation Union (IUCN) criteria. Thus, the study of genetic diversity is highly suggested to corroborate the definition of the real threat category by the official list.
Lymania smithii Read (1984) has a wider distribution, covering the states of Alagoas, Bahia and Pernambuco (Sousa and Wendt, 2008; Martinelli et al., 2008) . Thus, studying both species can provide comparative results to see how populations are structured, evaluating the consequences of environmental impacts on each species. We aimed to assess the genetic diversity of populations of L. azurea and L. smithii for the following reasons: i) to understand the different levels of genetic variability of these sympatric species with significant differences in distribution in the forest; and ii) to generate useful information about the genetic diversity of the species L. azurea to define its current conservation status.
MATERIAL AND METHODS

Plant material and DNA extraction
We sampled L. azurea and L. smithii plants found in four natural populations from southern Bahia, Brazil (Table 1 and Figure 1 ). Populations PRCP I (Príncipe I) and Piedade occur within the Rebio-Una (Reserva Biológica de Una, Bahia, Brazil), within a continuous forest fragment PRCP II (Príncipe II),which is in a border area of the reserve, vulnerable to anthropic action. Rebio-Una is a unit of strictly protected areas declared part of the Biosphere Reserve of the Atlantic Forest in southern Bahia. The Sapucaeira population, Ilhéus (Bahia), occurs in discontinuous anthropized fragments of the Atlantic Forest.
Genomic DNA was extracted using 2% CTAB according to Doyle and Doyle (1990) .
Screening of primers and RAPD amplification conditions
A total of 143 RAPD primers from Operon Technologies were tested, selecting 13 as optimal for analyses ( Several experiments were performed to optimize the amplification protocol, according to Ramos et al. (2008) . These were (a) testing different concentrations of DNA (7.5, 15, 30, 60 and 100 ng), to avoid polymerase chain reaction (PCR) artifacts caused by excess or lack of DNA and (b) evaluation of RAPD reproducibility by repeating PCR on alternate days to select markers that were always detected. During the experiments, reagent concentrations, annealing temperature and the thermal cycler remained unchanged.
RAPD reactions were prepared in a volume of 13 μL containing: 1 U Taq DNA polymerase, 7.5 ng DNA template, 2.12 μM each primer , 0.2 mM dNTPs, 0.09 mM MgCl 2 , 10X 2 mM (NH 4 ) 2 SO 4 reaction buffer, 0.8 mg/μL bovine serum albumin and Milli-Q ultrapure water added to complete the volume. The negative control had sterile Milli-Q water instead of DNA.
PCR was performed using the GeneAmp ® PCR System 9700 (PerkinElmer), under the following cycling conditions: 1 min at 92°C, followed by 40 cycles of 92°C for 1 min, 35°C for 1 min, and 72°C for 2 min, with a final 5-min extension at 72°C. PCR products were separated by electrophoresis on 1.5% agarose gels with ethidium bromide staining, run in 1X TBE (0.89 M Tris, 0.89 M boric acid, 0.11 M Na 2 EDTA, pH 8.3) buffer with a 1-Kb ladder (Fermentas Life Sciences). Images were captured using a UV light system.
Data analysis
A genetic similarity matrix of presence (1) or absence (0) of marker bands was generated with NTSYS 2.1 (Rohlf, 2000) . The Jaccard (1901) similarity matrix was used to estimate the dendrogram topology which was performed by UPGMA (unweighted pair group method with arithmetical means) using pairs of samples. We calculated the Mantel cophenetic correlation (r) between the genetic similarity matrix and dendrogram, estimated on 10,000 permutations.
Analysis of molecular variance was performed using AMOVA-PREP (Miller, 1998 ) and AMOVA 1.55 (Excoffier et al., 1992) . Huff et al. (1993) distance matrix was used to perform the analysis of variance for estimating the Ф ST parameter. Thus, we evaluated the molecular partition of genetic variance within and between populations for each species.
RESULTS
Genetic diversity and population genetic structure
L. azurea
According to the Jaccard similarity index, variation ranged between 0.2 and 1.0 among all samples, detecting genetically distinct groups, within and between populations (Figure 2) . Populations from the Rebio-Una (PCRP I and Piedade) showed a better distribution of genetic variability. PCRP II and Sapucaeira had a genetic distance around 40% (Figure 2) .
The Mantel test between genetic similarity matrix and its corresponding cophenetic correlation matrix (r) was 0.878.
AMOVA results highlighted a high genetic structure among populations (P < 0.001). Of the total genetic variance, 20.53% was due to differences between populations, while 79.48% were attributed to differences between individuals within populations, demonstrating strong structuring among these populations. The Ф ST estimated for this species was 0.20 (Table 3) .
The analyses of pairs of populations also detected a genetic structure (Table 4) . Populations within the protected area (PRCP I and Piedade) showed a less pronounced structure (Ф ST = 0.098) when compared with the populations that border populations PCRP II and Sapucaeira (Ф ST = 0.372).
L. smithii
The Jaccard similarity index estimated for pairs of L. smithii individuals varied between 0.4 and 1.0, detecting some genetically distinct groups, within and between populations (Figure 3 ). For L. smithii, the estimated value of the Mantel cophenetic correlation (r) between genetic similarity matrix and dendrogram was 0.689. AMOVA (Table 5) indicated that the ge-netic diversity was highly significant (P < 0.001) within and between populations. Of the total genetic molecular variance, 10.02% was due to interpopulation differences, while 89.98% was attributed to differences within populations, with F ST = 0.1. 
DISCUSSION
This study helped to understand the impacts of fragmentation on populations of two Lymania species through quantified intraspecific genetic diversity. Intense anthropic activity seems to lead to a troublesome genetic structure for L. azurea, probably as a consequence of limited gene flow between forest fragments.
The dominant character of RAPD markers has been criticized (Lacerda et al., 2002) , as well as their tendency to have low levels of repeatability (Jones et al., 1997; Ferreira and Grattapaglia, 1998; Pérez et al., 1998) . However, there are laboratory procedures that ensure the reproducibility of RAPD data (Fraga et al., 2005; Atienzar and Jha, 2006; Ramos et al., 2008) . We standardized all our protocols in detail so that that other researchers could reproduce our results with Lymania sp. Reproducibility problems of RAPD markers could be due to the use of primers that amplify mismatch bands and not necessarily to the technique itself (Ramos et al., 2008) . Although other more precise molecular markers are available, RAPDs still offer the quickest and least expensive solution to obtaining preliminary genetic data, besides requiring very small quantities of DNA, an important point in studying species with restricted occurrence.
A better status of genetic diversity for populations in protected areas is probably the result of forest connectivity, allowing some gene flow. Corridors of original forest can improve landscape diversity among fragments, increasing functional connections, such as the maintenance of gene flow (Bittencourt and Sebbenn, 2007) .
The Rebio-Una has one of the largest portions of continuous Atlantic Forest in northeastern Brazil, regarded as a priority area for conservation because of its high endemism rates for various biological groups (Paciencia and Prado, 2004) .
Little is known about the reproductive biology of Lymania, but similar patterns of genetic structure and concern have been reported for other species of bromeliads. Cavallari et al. (2006) observed significant genetic differences among groups of three species of Encholirium (Bromeliaceae). This may be due to the low viability of its seeds, for they are not dispersed by animals or the wind. Molecular structure among L. azurea populations could be due to limited gene flow caused by anthropic landscape fragmentation. The value of the genetic structure for L. azurea was more than twice that observed for L. smithii, indicating a strong genetic structure within the genus, particularly when comparing sympatric species.
There seems to be no difference between congeners under different conservation status, rare and generalized in terms of division of genetic variation within and between populations (Gitzendanner and Soltis, 2000) . This helps to understand historical causes of rarity and commonness and how they affect population genetics. We find no biological reason to explain restricted distribution of L. azurea. Since it is so similar to L. smithii in ecological and morphological terms, there is apparently no external parameters to support the significant differences in terms of area of distribution. However, some hypotheses can be considered: i) they may have different pollinators, even considering the few morphological differences in flowers; ii) L. azurea could be the result of a speciation process. The historical distribution of L. smithii apparently has persisted until the present. As L. azurea had a more recent origin, it had no time to expand its distribution. However, landscape fragmentation is currently limiting its distribution expansion. To test this hypothesis, studies with other molecular tools and a phylogeographical approach should be conducted.
Research with three species of Encholirium (Bromeliaceae) found that the species most amply distributed, with more populations and a larger number of individuals, showed the highest molecular genetic diversity, and that restricted and endangered species had low genetic diversity (Cavallari et al., 2006) . For Astragalus (Fabaceae), lower levels of genetic diversity are found in species with a restricted distribution (Karron et al., 1988) .
Implications for conservation
It is important to understand the fundamental differences between nature conservation and conservation genetics (Frankel and Soule, 1981) . Nature conservation is designed to protect areas that represent habitats and communities that can be identified. The genetic conservation goes beyond, as it is concerned with genetic differences within those protected areas. Thus, allying the study of genetic consequences of forest fragmentation with the design of conservation strategies should be a priority in any country´s environmental agenda.
The loss of genetic diversity (genetic erosion) and extinction of species should be strictly addressed by the maintenance of gene flow and the development of strategies to prevent biodiversity loss. Small fragments can promote a network connection for a significant number of species, thus maintaining genetic diversity (Turner and Corlett, 1996) . Habitat fragmentation may also affect the abundance and diversity of plant pollinators.
The high degree of genetic structure in L. azurea indicates that all free ranging individuals are vital for maintenance of current genetic diversity. Thus, removal of plants from the populations must be done exclusively for ex situ conservation purposes or to maintain the representation of this important genetic resource.
Other bromeliads have shown high rates of seed germination Cavallari et al. (2006) . Thus, for ex situ conservation by germplasm bank, it is preferable to remove only the seeds from populations. However, for Lymania some specific studies are needed to estimate the number of necessary seeds to maintain its natural genetic variability.
When planning in situ conservation actions, species must be allowed certain rates of natural selection and evolution within their natural environments. However, economic and political interests that influence the decision-making and the definition of conservation areas pose one of the biggest challenges for in situ conservation.
The strong structure found for L. azurea (F ST = 0.20) indicates the urgency of conservation measures. Our results suggest that forest corridors in southern Bahia should be supplemented with this species, restoring the natural genetic variability of L. azurea in southern Bahia. Corridors act as connectivity restorers, thus gene flow promoters. Finally, it should be understood that before forest management, it is essential to have a level of knowledge of the reproductive biology and genetic structure of the species to be managed (Hall et al., 1996) . Now, some decision and conservation strategies can be guided by genetic diversity estimated in this study, which may also help in the official inclusion of this species in the Brazilian list of endangered species Brazilian Institute of Environment and Renewable Natural Resources (IBAMA) and also on the list of the International Union for Conservation of Nature (IUCN).
CONCLUSIONS
Our study provided technical knowledge about the genetic status of populations of L. azurea and L. smithii. It was possible to diagnose that both species have reduced genetic diversity. However, processes of genetic drift and habitat loss in L. azurea have led to critical levels of genetic structure. Thus, we recommend urgency in conservation measures and inclusion of L. azurea on the list of endangered Brazilian flora species.
